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Abstract 

Background: The North West Adelaide Health Study is a representative longitudinal cohort study of people 
originally aged 18 years and over. The aim of this study was to describe normative data for hand grip strength in a 
community-based Australian population. Secondary aims were to investigate the relationship between body mass 
index (BMI) and hand grip strength, and to compare Australian data with international hand grip strength norms. 

Methods: The sample was randomly selected and recruited by telephone interview. Overall, 3 206 (81% of those 
recruited) participants returned to the clinic during the second stage (2004-2006) which specifically focused on the 
collection of information relating to musculoskeletal conditions. 

Results: Following the exclusion of 435 participants who had hand pain and/or arthritis, 1366 men and 1312 
women participants provided hand grip strength measurement. The study population was relatively young, with 
41.5% under 40 years; and their mean BMI was 28.1 kg/m 2 (SD 5.5). Higher hand grip strength was weakly related 
to higher BMI in adults under the age of 30 and over the age of 70, but inversely related to higher BMI between 
these ages. Australian norms from this sample had amongst the lowest of the hand grip strength of the 
internationally published norms, except those from underweight populations. 

Conclusions: This population demonstrated higher BMI and lower grip strength in younger participants than 
much of the international published, population data. A complete exploration of the relationship between BMI and 
hand grip strength was not fully explored as there were very few participants with BMI in the underweight range. 
The age and gender grip strength values are lower in younger adults than those reported in international 
literature. 



Background 

Hand grip strength can be quantified by measuring the 
amount of static force that the hand can squeeze around 
a dynamometer. The force has most commonly been 
measured in kilograms and pounds, but also in millili- 
tres of mercury and in Newtons. 

Hand grip strength is a reliable measurement when 
standardised methods and calibrated equipment are 
used, even when there are different assessors [1] or dif- 
ferent brands of dynamometers [2]. There are different 
methods of positioning patients during measurement, 
and for calculating their grip strength from repeated 
measures, so the American Society for Surgery of the 
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Hand and the American Society of Hand Therapists [3] 
have standardized positioning, instruction and calcula- 
tion of grip strength. 

Published normative data for hand grip strength are 
available from many countries, and in most cases, data 
are divided into age and gender subgroups [4-7]. Analy- 
sis of grip strength by gender shows higher grip by 
males at all ages, and analysis by age group demon- 
strates a peak of grip strength in the fourth decade and 
then a gradual decline in grip strength for both genders 
[4-7]. This trend is always present even though some 
studies divide participants by age gender, and then by 
right and left hand, while a small number of studies 
divide participants by age gender and then dominant 
and non-dominant hand (5). 

Grip strength is related to and predictive of other 
health conditions, although the relationship is not stated 
to be causative [4,8]. Normal hand grip strength is 



o 



© 201 1 Massy-Westropp et al; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative 
BiolVlGCl CGntfcll Commons Attribution License (http://creativecommons.Org/licenses/by/2.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited. 



Massy-Westropp et al. BMC Research Notes 201 1, 4:127 
http://www.biomedcentral.eom/1 756-0500/4/1 27 



Page 2 of 5 



positively related to normal bone mineral density in 
postmenopausal women, [9] with some researchers sug- 
gesting that grip strength be a screening tool for women 
at risk of osteoporosis [10]. Longitudinal studies suggest 
that poor grip strength is predictive of increased mortal- 
ity from cardiovascular disease and from cancer in men, 
even when factors of muscle mass and body mass index 
are adjusted for [11,12]. Hand grip strength is negatively 
associated with physical frailty even when the effects of 
body mass index (BMI) and arm muscle circumference 
are removed [13]. Researchers have suggested that the 
factor related to frailty and disability in later life is the 
manner in which muscles are used, and this can be 
measured by hand dynamo me try [13]. 

Disparity exists in the literature over the relationship 
between hand grip strength and BMI, many researchers 
claiming a positive relationship between grip strength 
and BMI in both genders and all ages, while other 
researchers found no relationship [14-17]. The studies 
were from different countries, and involved participants 
of different ages, genders, ethnicities, types of work and 
access to food. There is one study of hand grip strength 
in Australian adults [18], but no exploration of the rela- 
tionship between grip strength and BMI in an Austra- 
lian population. 

The aim of this study was to describe normative data 
for hand grip strength of an Australian population. Sec- 
ondary aims were to investigate the relationship between 
BMI and hand grip strength, and to compare Australian 
data with international hand grip strength norms. 

Method 

Prior to the study commencing, approval for the 
research was obtained from the North West Adelaide 
Health Service Ethics of Human Research Committee 
and informed consent was obtained from each partici- 
pant, conforming to the Helsinki Declaration. 

Data were obtained from the North West Adelaide 
Health Study (NWAHS). In stage one (2000-2003), par- 
ticipants over the age of 18 years were randomly 
selected using the electronic white pages telephone 
directory, interviewed and invited to attend a clinic for 
physical assessment. In stage two (2004-2006), partici- 
pants were re-contacted, invited to complete telephone 
interview, complete a self-administered questionnaire 
and have a clinical assessment. Overall, 3 206 (81% of 
those recruited) participants returned to the clinic dur- 
ing the second stage (2004-2006) which specifically 
focused on the collection of information relating to 
musculoskeletal conditions [19]. 

Participants were asked if they had ever had pain or 
aching in their shoulder, arm or hand at rest or when 
moving, on most days for at least a month and if they 
had ever had stiffness when getting out of bed in the 



morning on most days for at least a month as part of 
the Computer Assisted Telephone Interview. Partici- 
pants who answered positively to either of these ques- 
tions were removed from the grip strength analysis. 
BMI was calculated from height and weight measure- 
ments taken at the clinic assessment. Information relat- 
ing to hand dominance (participants were asked "What 
is your dominant hand") was also collected as part of 
the clinic assessment. 

Measurement 

Grip strength was measured using a Jamar Analogue 
Hand Dynamometer with participants seated, their 
elbow by their side and flexed to right angles, and a 
neutral wrist position, the dynamometer handle position 
II and provision of support underneath the dynam- 
ometer. This position, followed by calculation of the 
mean of three trials of grip strength for each hand, has 
been well-documented as reliable [3]. Five assessors 
were trained in the use of the dynamometer according 
this protocol and practiced the testing procedure prior 
to assessments. The participants' hand grip strength 
data were displayed as left or right regardless of hand 
dominance. 

Participants' BMI was calculated following the mea- 
surement of each participant's weight and height. 

Instrument 

Dynamometers were stored carefully in their custom 
made cases but if knocked, they were tested and recali- 
brated by biomedical engineers. 

Published hand grip strength norms were sought 
through Google Scholar, EbscoHost and Medline, as 
well as searching reference lists of relevant papers. Key 
words in all combinations were 'hand grip strength, 
norm*, dynamometer. Data were accepted for compari- 
son if subjects were screened, measured and their values 
calculated in the same manner as in this study [3]. Data 
were not accepted if there was not a representation of 
many ages, if left and right hands were not presented 
separately, if different dynamometers were used or if 
subjects were injured or malnourished. 

Statistical Analysis 

Participants were included in the analysis if they did not 
have hand pain, osteoarthritis or rheumatoid arthritis. 
They were stratified by gender and then by age into ten 
year subgroups from 20 years until the age of 70 years 
and over. 

Analyses of grip strength were undertaken by age and 
gender and are presented by left hand or right hand. 
Mean and standard deviation of grip strength in kilo- 
grams were calculated as the range in kilograms for 
each group was normally distributed. 
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Body Mass Index scores and right hand grip strength 
for each age group and gender were compared by Pear- 
son r correlation, with a significance level of 0.05. 

Results and Discussion 

Overall, 3206 men and women aged 20 years and over 
participated in clinical assessment in Stage 2. Of these, 
436 persons were excluded from this analysis due to the 
presence of arthritis and/or hand pain hand lasting over 
one month. Ninety-two respondents did not undertake a 
grip strength test, resulting in a total of 1314 men and 
1315 women participants who provided a strength mea- 
surement. The participant group was relatively young, 
with 41.5% under 40 years; and the mean BMI was 28.1 
(5.5), with a range of 14.6 to 60.1. The standard devia- 
tions for all group means were small, therefore, using 
this data it is reasonable to predict a (pain-free) indivi- 
dual's grip strength if their age and gender are known. 

Of the participants 89% were right-handed, 10% were 
left-handed and 1% did not state their hand dominance. 
It was not feasible to provide grip strength by dividing 
participants into gender groups, age groups and then 
into left and right-handed groups, as the number of left 
handed participants was only 270 in total. Thus the 
values for left hand and right hand grip strength, regard- 
less of hand dominance, are presented in Table 1. 

A very weak positive relationship was found between 
higher BMI and right hand grip strength the youngest 
and oldest adults in the sample. For young adults and 
those in their fourth, fifth and sixth decade, a higher BMI 
was inversely related to hand grip strength, (Table 1). 

Seven published studies [7,20-25] were accepted for 
comparison with the current data and eighteen studies 
were excluded as they used different equipment, mea- 
surement position, or they did not divide subjects by 
age or by which hand was measured. There are consid- 
erable differences between the grip data (Figures 1 and 
2), even though all participants were screened to exclude 
those with upper limb conditions. In addition, no stu- 
dies were included if participants had chronic illness or 
malnutrition. Possible reasons for the differences are in 

Table 1 Mean and Standard Deviation and Hand Grip 
Strength in kilograms, for men and women, presented in 
ascending age groups 

Men Women 



Age 


right 


left 


BMI 


Age 


right 


left 


BMI 


20 to 29 


47(9.5) 


45(8.8) 


26.4(5.1) 


20 to 29 


30(7) 


28(6.1) 


25.1(5.8) 


30 to 39 


47(9.7) 


47(9.8) 


28.3(5.2) 


30 to 39 


31(6.4) 


29(6) 


27.3(6.8) 


40 to 49 


47(9.5) 


45(9.3) 


28.4(4.6) 


40 to 49 


29(5.7) 


28(5.7) 


27.7(7.7) 


50 to 59 


45(8.4) 


43(8.3) 


28.7(4.3) 


50 to 59 


28(6.3) 


26(5.7) 


29.1(6.4) 


60 to 69 


40(8.3) 


38(8) 


28.6(4.4) 


60 to 69 


24(5.3) 


23(5) 


28.1(5.1) 


70 + 


33(7.8) 


32(7.5) 


27.2(3.9) 


70 + 


20(5.8) 


19(5.5) 


27(4.7) 




USA 1985 

England 1994 

Japanese in Hawai 1998 

Finland 1998 

USA 1999 

USA2001 

Sweden 2001 

Austra la 2007 

Figure 1 Comparison of NWAHS and International Right Hand 
Grip Norms for Men. 

v. j 



the recruitment locations; for example the lowest and 
highest results were obtained from the USA, but the 
strongest were recruited in public places [7] and the 
lowest were recruited from doctors offices [17]. 

Past research exploring the relationship between BMI 
and hand grip strength has provided incongruent find- 
ings. Published data suggests that higher BMI in adults 
under 25 and over 70 years is positively correlated with 




USA 1985 

England 1994 

USA1999 

USA 2001 

Sweden 2001 

Australia Z007 

Figure 2 Comparison of NWAHS and International Right Hand 

Grip Norms for Women. 
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higher grip strength, and being overweight (BMI over 
25) and obese ranges (BMI over 30), in adults between 
the age of 25 and 70 is correlated with lower hand grip 
strength. These trends can be seen in the current study 
also, but there are no moderate or large correlations. 
The current study cannot fully investigate the relation- 
ship of BMI and strength, as only 27 participants exhib- 
ited low BMI. Conversely, published studies set in India 
[15,16] Africa [17] and Japan [20] could not fully 
explore the relationship between BMI and hand grip 
strength because none of the subjects' BMI exceeded 25. 

The relationship between BMI and low hand grip 
strength is further explored in a study that divided parti- 
cipants with low BMI (<18.5) into two health status 
groups of 'chronically undernourished' and 'underweight' 
[15]. The chronically undernourished groups have signif- 
icantly lower hand grip strength than the underweight 
groups, both being significantly less strong than the 
well nourished' groups of BMI higher than 18.5. Analy- 
sis of this subgroup was not feasible in the current 
study as there were only four men and 27 women with 
a BMI under 18.5. 

Conclusion 

This study provides a large sample of normative data for 
clinical use in hand and upper limb rehabilitation, and 
possible screening for other health issues. It explores the 
relationship of grip strength with elevated BMI and 
found no significant relationships. The study compares 
the Australian sample with international grip strength 
norms, finding these population-based norms to be 
lower than international convenience samples. 
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